Abstract BACKGROUND: Apart from particle size, drift of abraded seed particles during sowing is mainly affected by two other physical properties viz. particle shape and envelope density. The impact of these abraded seed particles on the environment is highly dependable on their active ingredient content. In this study, the envelope density and chemical content of dust abraded from seeds was determined as a function of particle size for six seed species.
CONCLUSION:
The gathered physicochemical information is essential for the CFD based dust drift prediction models and can be useful for other prediction models as well as for the ongoing risk assessment of active ingredients used for seed treatment on ecosystems and ecosystem-services. In addition, the results can help to better understand the dust drift phenomenon and to develop mitigation strategies.
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INTRODUCTION
As discussed in length in part 1 of this paper, 1 bee mortality incidents observed in several countries placed a spotlight on a new pathway of pesticides entering the environment: the emission of pesticide laden dust particles during drilling. As a direct result of these incidents, several (joint) actions have been undertaken by seed breeding companies, the agrochemical and the machine manufacturing industry to improve the seed treatment quality and the seed drilling techniques as those factors largely affect pesticide-laden dust production, emission and drift. 2 'Good Seed Treatment Practices' and end-of-pipe modifications of vacuumpneumatic drills machines were quickly identified as key stone efforts to cope with this issue. 3 Many of these actions, however, were developed with little knowledge of the physicochemical properties of abraded dust particles from pesticide treated seeds.
Drift behavior of dust particles not only depends on size but also on shape and density. 4 Field-realistic prediction models could lead to better engineering practices. To create such accurate particle drift models, detailed information about the physical properties of dust translate dust deposition results into pesticide deposition results which are needed to assess the risk of dust drift to the environment. All measurements were performed within the framework of a research project on dust drift from seed drillers. 1 The best established techniques to determine true or apparent particle density are liquid and gas pycnometry. Liquid pycnometry is frequently used for determining the density of soil particles. [5] [6] [7] [8] In most cases, however, the true density of powders and particles is determined with gas pycnometry. With this technique, Parnell et al. 9 measured densities of grain dust particles ranging from 1.41 to 1.90 g cm -3 depending on the grain dust type. The particle density (mean ± SD) for wheat and corn dust was 1.48 ± 0.11 g cm -3 and 1.50 ± 0.05 g cm -3 , respectively. Using a multipycnometer, Boac et al. 10 measured similar particle densities for dust of wheat (1.48 ± 0.02 g cm -3 ) and shelled corn (1.51 ± 0.01 g cm -3 ). In both cases, however, the density was determined for untreated seeds and only for the dust bulk fraction
and not as a function of particle size. Pochi et al. 11 used 1.30 g cm -3 as the density of dust for untreated maize seed in their calculations. Based on the reported density for seed fragments, a.i., binder and colorants, and their respective mass percentage in the total dust fraction the density of abraded coating particles was estimated viz. 1.32 g cm -3 .
In soil erosion studies, a distinction is made between suspension (< 100 µm) and saltation (100-840 µm) when predicting erosion. 12 Both processes may also be relevant for dust drift during seed drilling. As the density of sand, silt and clay particles is found to be higher (2.0-2.8 g cm -3 ) 5, 6 than the ones reported for untreated seed dust particles, 9,10 seed dust particles bigger than 100 µm could still be suspended and particles bigger than 840 µm could still move out of the field via saltation.
F o r P e e r R e v i e w 4 Besides particle density, little information is available about the active ingredient (a.i.)
concentration in dust particles abraded from treated seeds and the relation between particle size and a.i. concentration. This information is needed for dust drift risk assessment purposes.
Pistorius et al. 13 reported the concentration of clothianidin in the fine (< 0.5 mm) and coarse (> 0.5 mm) dust fraction of 50 different maize seed batches. For maize treated with Poncho Pro (30 batches), an average clothianidin concentration of 28.2% was found in the fine dust and 14.7% in the coarse dust. For Poncho (20 samples) the corresponding values were 18.5% and 11.4%. This information suggests that the finer dust fraction contains a higher concentration active ingredient (a.i.). The latter was confirmed by a recent study of Biocca et al. 14 in which the concentration of several a.i. decreases for particle matter with an aerodynamic diameter from 0.78 µm up to 14 µm. Because of the measuring device and method used, only the free floating dust is considered. As mentioned before, bigger particles might be involved in the potential environmental exposure risks of pesticides used in seed treatments.
The aim of this study was to gather detailed information about the density and chemical content of dust particles abraded from pesticide treated seeds as a function of particle size.
The physicochemical properties gathered were used as an accurate input for the dust drift models developed in this project. 4 Sample M8, however, consisted of dust from treated maize seeds retrieved during posttreatment filtering in a seed treatment facility in Germany and therefore originated from multiple seed batches of which the main active ingredient was methiocarb. The total dust of sample M8 was separated by mechanical sieving into five size fractions (< 80 µm, 80-160 µm, 250-355 µm, 355-450 µm and > 500 µm).
MATERIALS AND METHODS
Seed samples and dust generation
Apparent density
Apparent density was determined for all total dust samples, except M8, and for different size fractions for samples W2-4, W6, P1-3, M1-5, M8, Rye and Ra using gas pycnometry. For total dust measurements, subsamples of the total dust sample were taken using the spoon method 2
. Depending on the amount of dust available for each size fraction, different size fractions were combined in order to have enough dust available for analysis ( Gas pycnometry measurements were performed according to DIN 66137-2 15 by LabSPA (Quantachrome GmbH & Co. KG, Odelzhausen, Germany), using a tow chamber 1200eT
Ultrapyc gas pycnometer (Quantachrome Instruments, Boynton Beach, FL, USA) with helium at 25 °C and a with minimal sampling volume of 0.25 cm³.
Gas pycnometry characterizes the volume of a sample employing a method of gas displacement, pressure measurements and the volume/pressure relationship of an ideal gas at a constant temperature (Boyle's law). 16 The gas pycnometer consisted of two chambers connected by a valve, of which one holds the dust sample and a second chamber with a known reference volume, ܸ . The volumes of both chambers are known by calibration. The measurement starts when the helium gas enters the sample chamber and the first equilibrium pressure ܲ ଵ is measured. The valve between both chambers is opened afterwards, followed by a pressure compensation and the measurement of the adjusted equilibrium pressure ܲ ଶ . The sample volume is calculated as follows:
With:
ܸ ௦ = the sample volume ܸ = the volume of the empty sample chamber The measuring system is brought back to ambient pressure at the end of the measuring cycle.
Per submitted sample, fully automated repetition measurements were made to get a good assessment of the density of the dust samples. The number of repetitions depended on the deviation achieved for each sample, with minimum 4 and maximum 14 measurements per sample. The mean per sample was based on measurements done.
The sample mass was determined with an analytical balance and its apparent density was calculated by dividing the mass of the sample with the measured volume.
Particle porosity
As discussed in Part 1, Devarrewaere et al. 4 gathered additional information about the shape, size and porosity of dust particles abraded from different types of treated using X-ray micro-CT. Which samples were submitted to micro-CT scanning is shown in Foqué et al. 1 and in Table 1 . In this paper, the relation between porosity and particle size is discussed for different species. The best fit per species was determined to describe porosity as a function of particle size (see 2.6 for more details about the statistics). For reasons explained in Part 1, length was used rather that equivalent sphere diameter for wheat, while the equivalent sphere diameter was used for all other species. As mentioned in Part 1, Devarrewaere et al. 4 observed significant differences in the porosity of dust originating from maize seeds treated with either methiocarb or clothianidin. For porosity, The effect of active ingredient was also shown for porosity by the statistics in Consequently, separate fits for both a.i. were determined. 
Envelope density
As mentioned above apparent density of all total dust samples and of some dust particle size fractions were determined using gas pycnometry (Table 1 and Table 2 ).
In settling studies, however, the envelope density, which includes both closed and open intraparticular pores, is more relevant. 4 Because the micro-CT analysis showed that the amount of closed pores in seed treatment dust is negligible, 4 the obtained apparent density values were assumed to be the true material density. As a consequence, the particles envelope density can be calculated in a simplified way based on apparent density and the internal porosity fraction, using following formula:
where ρ e is the envelope density, ρ a is the apparent density determined via gas pycnometry, ρ t is the true material density and ε tot is the total internal porosity fraction. 4 In case density measurements were only done for the total dust sample, envelope density was calculated based on the measured apparent density and the total porosity of the total dust sample. To obtain the total porosity, a weighted mean was calculated based on the porosity per size class and their relative share in the particle size distribution as determined by wet laser diffraction. Except for sample M7, the mean particle size distribution per species was used.
In case density measurements were done per size class, the envelope density of each size class considered was calculated based on the corresponding apparent density and total porosity measured for that size class. The density of smaller size classes that were not measured was considered to be equally high. The envelope density of the total dust sample was again 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 9 calculated as a weighted mean, based on the envelope density per size class and their relative share in the wet laser particle size distribution.
Chemical content analysis
Active ingredient contents were determined for seed and total dust samples of W4 and M4, and for different size fractions of samples W1, W4, M1, M4 and M8 (Table 1 and Table 2 ).
As for density measurements, total dust subsamples were taken using the spoon method 2 while for the size fraction measurement different size fractions were combined in order to have enough dust available for analysis ( Table 2 ). The minimal amount of dust analyzed was 0.3 µg. This amount was used to gather some information about the smaller size fraction of the wheat dust samples W1 (<10µm and W4 (<20µm). In other cases, between 4 µg and 318 µg dust was used with an overall mean (±SE) of 55.7 ± 9.9 µg. Each of the result shown is the mean of four chromatographic injections. 10 The a.i. content (methiocarb) of three size fractions (< 160 µm, 250-450 µm, >500 µm) of sample M8 were determined via gas chromatography-mass spectrometry (GC-MS) by JKI.
More details about all a.i. considered for chemical content analysis and the registered dose in Belgium is shown in Table 1 .
Statistics
Because no adequate way was found to transform the data into a normally distributed dataset, density data was analysed with Kruskal-Wallis tests, followed by a post-hoc comparison of mean ranks of all pairs of groups. First, the differences between the measurements was looked at. Apart from a few exceptions grouping samples per seed species was possible. Outliers still show overlap with other samples of the same species and can be considered as variation within a normally distributed seed population.
As explained above, sometimes samples per size classes had to be put together to meet the analysis requirements. Pycnometer density measurements per size class were not always done using the same size class thresholds. Within the same species, different measurements done (total dust and per size class) were compared statistically as well. Based on the result, sieve classes of the same order of magnitude were put together in the same class in a step-wise way.
For most species, this could be done with Kruskal-Wallis ANOVA's and subsequent post-hoc comparison. For rapeseed and rye, Mann-Whitney U-test had to be used.
In contrast, one way ANOVA's could be used to compare the envelope density of different (subsamples of) species because of the high value of the Shapiro-Wilk test (W=0.98, p<0.05). software.dell.com; StatSoft Inc., Tulsa, OK, USA) was used. A P-value < 0.05 was considered to be statistically significant. 
RESULTS
Apparent density
The results of the gas pycnometry measurements and the significant differences between the apparent density of dust from different seed species is shown in Table 3 . In Table 4 the apparent density per particle size class is shown for different species. These values were used to calculate the envelope densities further on. As mentioned above different size fractions were combined in order to have enough dust available for analysis, even within the same species ( Table 2) . The results of these analysis were regrouped by merging size classes of a similar scale size. How this was done and more information about the statistics is shown the Supporting Information ( Figure S1 to Figure S7 , Table S1 and accompanying text).
The relationships between particle size and apparent density was examined, but no clear trends could be found. Figure 1 shows the relations between particle porosity and size. The best fits were found for maize. For all other species, the fits show a relatively predictive capacity although gathering additional porosity data via micro-CT measurements would be beneficial as indicated by the limited particle size range and low R 2 values as also concluded by Devarrewaere et al. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58 59 60 Figure 1 . Non-linear and linear fits of porosity as a function of particle size. 4 The blue lines represent the 95% confidence interval. The red lines represent the 95% prediction bands. 
Particle Porosity
Envelope density
Envelope density values were calculated based on the apparent densities (Table 4 ) and the fits for porosity (Figure 1 ) using the particle size distribution obtained via wet laser diffraction. In contrast to the apparent densities, a fit to describe the envelope density as a function of particle size was calculated for all considered samples based on the outcome for the 44 wet laser diffraction size classes. For maize treated with methiocarb and wheat, this was done based on the apparent density values per particle size fraction shown in Table 4 . For barley, clothianidin coated maize, pea, rapeseed and rye, fits are based on the total dust apparent density values. Using the total dust fraction was justified based on an exercise done for maize methiocarb as described in the Supporting Information ( Figure S8 to Figure S9 ). For wheat, fits for each group (Table 4 ) and an overall fit are shown in which particle length is used as size parameter. All results can be seen in Figure 2 . Based on the envelope density values per size class and their relative share in the wet laser particle size distribution, the envelope density of the dust samples is calculated and compared statistically in Table 3 . Same is done for the envelope density calculated based on the measured apparent density and the size based weighted mean porosity of the total dust sample. Little difference is found between the outcome of both calculation methods which reinforces the hypothesis that a good approximation of the total dust envelope density can be made based on the apparent density of the total dust fraction, if enough porosity information is available. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure 3 shows the results of all chemical content analyses of dust abraded from maize and wheat seeds. Based on this data and using Sigmaplot, fits were found to describe the a.i. content as a function of the particle size (Figure 4 ). Figure 4 also shows a linear regression between both analysis done for methiocarb (M1 and M4), showing a good agreement between both samples, both analysis techniques used and the analysis done by separate laboratories.
Chemical content analysis
Sample M8, also containing methiocarb, is also plotted in these graphs. The overall fit for methiocarb and the one obtained for M4 have a good explanatory capacity for sample M8, although for the size class 250-450 µm the value is rather at the outskirts of the prediction bands. Based on the M1 fit, the a.i. content size class 250-450 µm of sample M8 is clearly underestimated. In both cases this could be a consequence of the coarser particle size classes of sample M8. Finally, in Figure 3 and Figure 4 , a sigmoid curve is found for maize, while a peak-like curve (Log-normal and Weibull) is found for wheat. Based on our experience with tracer coated seeds, for which even smaller particle sizes (< 32 µm) were analyzed, the sigmoid 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 16 curve could be the result of the smallest particle sizes lacking in the considered dust samples.
For tracer coated maize seeds, a peak-like curve similar as for wheat dust, was found (results not shown). Based on this finding, peak-like functions were also defined for the maize samples which could be used for modeling purposes ( Table 5 ) . The peak-curve found for methiocarb also better succeeds in predicting the a.i. content of sample M8 (Supporting information, Figure S10 ) supporting the assumption that peak functions could be more appropriate. Their R 2 is, however, slightly lower than the one of the sigmoid curves. More analysis of smaller sieve fractions should be done to confirm the peak-like shape for the a.i.
content of dust abraded from coated maize seed. 
DISCUSSION
The main goal of this study was to gather detailed information about physicochemical properties of dust abraded from treated seeds. This information can be used in dust drift prediction models, risk assessment tools, will help to better understand dust drift phenomenon in general and can be used to develop dust drift mitigation tools. For most physicochemical properties, fits were found as a function of particle size which can be used as an input for the ongoing overall risk assessment of a.i. used for seed treatment on ecosystems and the services provided by it. The methods and findings could also be useful for other dust related research 10 ). Apart from this, some general conclusions can be drawn from the information shown in this paper.
The gas pycnometry data showed significant differences for species ; rapeseed and pea dust had the highest apparent density, followed by dust from wheat, rye and maize. Dust from barley seeds had the lowest apparent density. These differences in density between species were also highlighted by their X-ray attenuation. 4 As mentioned in Pochi et al. 11 these differences in density could be a consequence of differences in the density of the seed fragments and the seed coating composition (a.i., binders and colorants). The effect of seed coating composition on density is confirmed by the dissimilarities observed between methiocarb en clothianidin coated maize (Table 3) . Although little is known about the actual composition of the seed coating, a difference in seed coating composition is probably also the reason for the differences observed between the two groups of wheat (Table 3 ). The apparent densities reported in Table 3 Total porosity values ranged from 12% (wheat) up to 77% (barley) ( 4 More micro-CT data should be gathered to extend the particle size range and to improve the porosity fits. In addition, also within the same species, differences in envelope density values of different particle size classes were found (Table 4 ) because of changes in particle porosity for different particle sizes. In general, particle porosity increased ( Figure 1 ) while envelope density decreased ( Figure 2 ) with an increase in particle size.
For maize, a.i. content decreases with an increase of particle size ( Figure 3 and Figure 4 ).
For example for methiocarb, a.i. content ranges from 55-70% for the smallest particles down to 5-15% for the biggest particles. Results for thiram are lower because of the difference in dose rate but the relation between a.i. content and particle size can also be described by a sigmoid function.
For wheat, the relation between a.i. content and particle size can be described by a peaklike function. Highest a.i. content is found for a particle size of around 100 µm ( Figure 3 and Figure 4 ). Because of differences in the applied dose rate, a.i. content in wheat dust is much lower compared to maize dust with peak values ranging from 0.75% (prochloraz) up to 2%
(prothioconazole). There are some indications that also for maize dust, the relation between particle size and a.i. content can be described by a peak-like function but more data of the finest size fractions is needed to confirm. F o r P e e r R e v i e w 28 * Weighted mean based on particle size distribution determined using laser diffraction and the fits for porosity; All porosity = open porosity † Porosity based on number of samples per a.i. (weighted mean of porosity per a.i.) ‡ Porosity of total dust based on measurements done on particles ≤89.3 µm; All particle size classes bigger than this class were equaled to the porosity of this class (27%) 1 Envelope density calculated based on the measured apparent density and the size based weighted mean porosity of the total dust sample. 2 Envelope density calculated as a weighted mean, based on the envelope density per size class and their relative share in the wet laser particle size distribution Different letter labels indicate statistically significant differences per column. For apparent density, the capitals indicate the differences observed between species (H (5,n=193) =112.7; p<0.05), while the additional small letters for maize (Ca, Cb) and wheat (Ba, Bb), are based on the additional statistics within these species (see Supporting Information). 21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48 Table 5 . Alternative peak-like fits to describe the a.i. content as a function of particle size for maize -based on findings with other samples 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46 47 48 This section contains more detailed information about the statistics and subsequent grouping of the apparent density data. Different size fractions were combined in order to have enough dust available for analysis, even within the same species (Table 2 ). To make this data usable for subsequent calculations and modeling, the similarity between the different sieve fractions was investigated and the results were regrouped based on the statistical analysis. For rapeseed and rye, only one statistical test was needed and no additional information is shown other than the one presented in Table 2 . For maize, wheat an pea up to three subsequent analyses were used and the step by step approach followed is explained per species below.
S1.1. Maize
Apart from M2, almost no differences between different subsamples of the same dust sample were observed and based on this first Kruskal-Wallis ANOVA, only the differences between samples in the same size class were highlighted ( Figure S1 ). This is most likely a consequence of the high variability in the dataset. The statistics, however, did show that the apparent density dust from clothianidin coated maize seed was significantly higher than most methiocarb samples. Furthermore, per size class no statistical difference between subsamples is observed or there are some differences within a size class which can be considered as 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (Table S1 ). Because of subsequent use later on, the overall mean and median is shown in Table S1 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
S1.2. Wheat
For wheat, more differences were indicated by the first Kruskal-Wallis test ( Figure S4) which resulted in the separation of samples in two groups (W3 & W5 and 'others'). A second set of Kruskal-Wallis analyses highlighted the statistical differences between different size classes within these two groups. In contrast to maize, the difference in apparent densities between the two groups could not be attributed to any specific seed property. Therefore they could be seen as variation within a normally distributed population as well. Nevertheless, separate apparent density values for both groups of wheat samples are mentioned separately as well Table 3 and Table 4 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 Figure S5 . Apparent density values of wheat dust -second and final step of grouping per statistically similar particle size classes. These statistics are also shown in Table 4 of the paper. 
S1.3. Pea
In Figure S6 and Figure S7 , the statistical analyses for pea are shown. Based on the first
Kruskal-Walllis analysis shown in Figure S6 , the subsample P1 > 1 mm was left out to calculate an overall mean for the >1 mm size class. Although the higher density could be the result of thiamethoxam being present (cfr. observed for clothianidin in maize), this trend is not confirmed by the apparent density of the total dust fraction. Overall, more measurements are needed to investigate this trend. Results shown in Figure S7 are also shown in Table 4 of the paper. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w Figure S7 . Apparent density of pea dust -second and final step of grouping per statistically similar particle size classes. These statistics are also shown in Table 4 of the paper.
S2. Envelope density -assessing the use of cruder apparent density data
As mentioned in the text, detailed apparent density data per size class was not available for all dust samples. For most samples, no or a limited number of gas pycnometer measurements were made per particle size class. To evaluate if an accurate estimation of the envelope density can be made based on a limited number of measurements or only based ob-n the apparent density of the total dust fraction, this exercise was done for dust from methiocarb coated maize seeds. This sample was chosen because apparent densities were available for different size classes (Table 4 ) and because of the high quality of the porosity dataset ( Figure   1 ). As a first step, the overall mean of the grouped size classes (Table S1 ) was used to assess the envelope density as a function of particle size ( Figure S8 ). In a next step, the apparent density of the total dust fraction was used as an input ( Figure S9 ). In this case, the envelope density per size class only varies because of differences in porosity values. Figure S8 . Non-linear plots to describe the envelope density of methiocarb coated maize seed dust as a function of particle size. The apparent densities shown in Table S1 were used as an input for the assessment. The blue lines represent the 95% confidence interval. The red lines represent the 95% prediction bands These graphs show that an accurate estimation of the envelope density can be made with less apparent density data available. Nevertheless, if available, it is preferred to use more detailed apparent density information of different size classes. The graphs also seem to indicate that, within the same species, differences between the envelope density of particle size classes are more influenced by the porosity than the chemical composition (ration coating/seed fragment) of the particle. Figure S9 . Non-linear plots to describe the envelope density of methiocarb coated maize seed dust as a function of particle size. The apparent densities determined for the total dust fraction ( Table 5 Figure S10. Alternative fit to describe the methiocarb content as a function of particle size. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
